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Abstract 
 The objective of this literature review was to assess the accessibility and utilization of 
waste like products for inclusion into the dairy ration in San Luis Obispo County. With feed 
prices continually rising, alternatives to the very expensive feedstuffs should be continually 
explored. In this review, papers based on grocery store waste, viticulture waste, Cal Poly waste, 
and crop waste were explored to determine the feasibility of including these products into the 
dairy ration economically. Aspects evaluated were availability, nutrient composition, storing and 
handling and a viability of undertaken this system to supplement dairy cattle feeding. As a result 
it was concluded that more in depth research is needed based on the nutritional value and 
limitations to the specific crops that are most abundant on the central coast. It was also 
concluded that a further in depth analysis of Cal Poly waste, ie; from the various dining facilities 
as well as the extensive agriculture that is already in place on campus is necessary to asses the 
available nutrients.   Further research on the nutritional value of the feeds explored would be 
necessary because there is little research available on the number one crop in San Luis Obispo, 
strawberries, and its impact on the ruminant animal. There was a considerable amount of 
research done on the utilization of viticulture by product based on the nutritional components and 
process in which the by- product was collected. Several other papers were cited based on the 
inclusion of wine grape by product into a ruminant diet. This is area specific to the central coast 
because of the extensive wine industry surrounding the San Luis Obispo area. 
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Introduction  
 As feed commodities are continually increasing in price it is becoming equally as 
important to find economically feasible outlets to feed the dairy herd. Unconventional feedstuffs 
can offer a solution to extraordinary feed costs with out compromising the nutritional value of 
animal comfort (Walli et al., 2012). There are several options that can be explored on the central 
coast of California due to the diverse agricultural varieties. Based on the 2011 Crop report for 
San Luis Obispo County, cabbage, lettuce, broccoli, cauliflower, walnuts, lemons and grapes are 
all accessible to the dairy community for inclusion into a dairy ration. 
 Grocery store waste is an outlet that can be explored outside San Luis Obispo County, 
because it offers readily available organic matter that are not available to other areas (Crop 
Report, 2011). The majority of grocery store waste is due to the high cosmetic standards that are 
in place to ensure a quality product goes to consumers (Eriksson et al., 2012). Specifically, stores 
discard bruised, discolored, disfigured or deteriorating products intended for shelve exhibition. 
Crop waste can also be an avenue of exploration based on the amount of residue and unused 
organic matter (Crop Report, 2011). Crop residues are often burned or plowed under the soil 
instead of harvested and put to better use (McCarty et al, 2009). Crops are primarily used for 
human food, or grown specifically for animals, however, no matter what the crop there is always 
residue that can be utilized. Residues such as trimmings, undesirably shaped produce, anything 
that will be rejected from the grocery stores. Viticulture is something that is abundant on the 
central coast and should be utilized and researched because of the massive amount of waste 
generated by that industry that can be recycled for better use (Deng, 2011). Wine grapes are the 
third most abundant crop in San Luis Obispo County, making up 18% of the overall agriculture 
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according to the 2011 Crop Report.  It is feasible, economically and nutritionally to supplement 
the dairy cow ration in San Luis Obispo. Several different papers based on a variety of these 
topics will be reviewed to give a more comprehensive view to which resources can be included. 
 
Materials and Methods 
 In this literature review several resources were used to obtain the papers, articles and 
journal entries. Some of the journals used consisted of the Journal of Dairy Science, Journal of 
Animal Science, the Journal of Food science as well as various other journals. Sources were 
from all over the world based on the content of the green waste that was being discussed and 
whether or not it could be quantitated to the materials that are available in San Luis Obispo 
County. The varieties of sources used were decided upon because of the several points that were 
being focused on in this study. The kind of materials that are available in San Luis Obispo 
County were also researched, as well as the details in how the samples of the high spoilage prone 
feed stuffs could be stored and fed properly. Annual county crop reports were examined in order 
to identify they kinds of material that would be immediately available to the surrounding areas. 
Given the nature of the feeds methods of drying and ensiling were also explored in order to keep 
the spoilage loss low. 
Grocery store waste 
 
A waste management study was undertaken in Quebec with the objective to quantify 
what materials their grocery store chain was discarding. Results from this study suggest that 38% 
of material discarded was organic matter, which included mostly fruits and vegetables but also, 
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bread, pastries, pies, pasta, flour, cookies, and other products. This is pertinent because fruits, 
vegetables as well as some bread/ pastry products can be beneficial to a feed ration and we can 
being to see the amount of waste that can be recycled in a beneficial way There were little 
variations in the make up of the waste generated based on the sizes of the supermarkets (Norrie 
et al., 1997). Quebec has a population of about 650,000 people; in San Luis Obispo County there 
is about 270,000 people (US Census Bureau, 2012). The grocery stores that were sampled had 
employee sizes of 100, 145, and 95. In San Luis Obispo Trader Joes, New Frontiers, and Vons 
have employee sizes of 60, 200, and 100 respectively. The stores are comparable is size even 
though Quebec has a much higher population. Grocery store waste contains valuable organic 
material that could be recycled into one of the most beneficial avenues, feedstuff. A similar study 
observed that over 81% of supermarket wastes are either compostable or recyclable (Michel et 
al. 1995). These results suggest that because they are compostable and recyclable they may be 
candidates for being used as feed stuffs. In addition to adding value to the industry it will lessen 
the amount of debris in land fills all over. Thus, in addition to fresh produce being discarded on 
the basis of spoilage, produce being rejected upon delivery also poses another avenue for 
recycling. Every store chain has quality requirements that must be met in order for the delivery 
to be accepted. A study conducted in Sweden identifies that responsibility of pre-store waste 
belongs to the supplier, however, if the store accepts the shipment then product rejected based on 
its cosmetic standards becomes physical waste at the store. Rarely the shipment is sent back to 
the supplier where is it discarded as waste regardless (Eriksson et al., year).  There is excess of 
34.76 million tons of food waste on an as is collected basis (wet) generated in the United States, 
and only 2.8% of all that waste is recovered for recycling purposes according to the United 
States Environmental Protection Agency  (2011). According to a report by California Integrated 
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Waste Management Board (Carr, 2009), the amount of food waste generated in California was 
estimated in 2008 to be 6.2 million tons that makes up about 15.5% of its overall waste. 
However, food waste was not further broken down into different subsections. It was noted that 
together food and vegetative material make up about 20% of the waste stream, and food by itself 
make up around 16%. 
The rising cost of waste disposal and the mounting public concern with environmental 
sustainability, utilizing food waste can become a economically feasible industry practice. 
Existing and future capacity for landfills is diminishing rapidly, and the call to recycle is not only 
becoming a social obligation but also a legal one. The main solid waste management technique is 
source reduction. The less that goes into the landfills to begin with the less money it will cost to 
go and recycle it (Haynes, 1995). If the planning, and utilization of materials that can be 
repurposed into feed begins early this problem can be solved. Fees at landfills are tipping $20/ton 
nationally and only rising, by reducing the amount of product wasted it will save money and 
resources in the long run (Haynes, 1995). 
Farm waste 
Crop residue is a highly underestimated feed source in California, instead of utilizing this 
feed reservoir; resources are being wasted developing crops that create less residues (Reddy et 
al., 2003). With the recognition of the impact this resource can have on the livestock feed 
market, interests should be shifted to improve the cell content and solubility of the plant making 
them a dual- purpose cultivators. For example, not only will the crops be used to feed the human 
population but also the excess that was generally discarded as waste will help to supplement 
livestock nutrition. If these crop residues are not cultivated for other uses they are generally 
wasted or disposed of. There are several ways that the industry deals with residue; however, the 
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most widely used practice is burning the residue (Moss et al., 1995). Alternatives for crop 
residue burning have long been researched because of the controversial and destructive nature 
(Moss et al.,1995), however, an industry standard has not yet been introduced. California is in 
the top 5 states with the highest percent harvested acreage burned per year (McCarty et al., 
2009).  In addition to the air pollution crop burning contributes to the long-term detriment of our 
croplands. Crop burning has a few immediate advantages, which should not overshadow the 
greater negative effects it has on the land that directly correlates to later production. The impact 
of utilizing the crop residue with out burning would be very modest (Moss et al., 1995). 
Managing crops with a thought of also harvesting crop residue wouldn’t greatly increase the 
work being expended. With the implication of a few management and harvesting techniques 
during the regular crop season farmers will be able to utilize the added benefits of crop residue as 
well as the crop itself. Farmers will be able to generate income from the crop as they normally 
would, and then compound those earning with what they will save not having to deal with the 
remaining unwanted residue. 
 
 According to a food waste study, 15-35% is the average food loss at the farm level. As 
an example rule of thumb for the potato industry is that 50% of the product is wasted and only 
50% is utilized  (Hacker et al., 2009).  With management techniques that are tailored in order to 
maximize what the crop actually offers that percentage should be greatly reduced. In todays 
society being as efficient as possible is pushing its way to the front of the line. Although, based 
on the amount loss at farm level, we can see that there is a lot of room for improvement. The 
records of California crop unutilization are few and far between, however, United States 
Department of Agriculture National Agricultural Statistics Service claimed in 2011 3,300 tons of 
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harvested unsold product. This number is much to high in an economically conscientious field 
such as this. For example, strawberries in the 2011 Crop Report were sold at $1,742.00 per ton. 
So in essence there is $5,748,600 being left to rot and discarded. Farmers view this harvested 
unsold product mostly as trash, and don’t see it as a loss. Changing the industries view on crop 
residue will start a whole new market for farmers and force them to utilize better harvesting 
tactics to maximize their profits. In return it will begin to drive down the cost of feed byproducts 
because of the low economic impact it would have to fully harvest a field that’s already being 
harvested. 
 
Cal Poly Waste 
 The Cal Poly campus operations sustainability website indicates that they send nearly 300 
tons of food waste to be composed off site to be sold to farms and vineyards on the central coast 
according to Cal Poly’s sustainability website. In an effort to further the recycling trend at Cal 
Poly, a portion of that food waste (the fruit and vegetables) can be separated out and used in the 
feeding of not only dairy cows but other animals on campus could benefit as well. Cal Poly has a 
goal of 50% solid waste generated at Cal Poly be diverted from a landfill and into some form of 
recycling. The current composting program that is in practice at Cal Poly recycling 4,000 tons of 
green waste and manure each year that is often sold off campus (Multari, 2012). The campus is 
highly under valuing the composition of the green waste being used for composting and sold. 
While there is some economic gain in selling the composted material as well as using it here on 
campus, there is high quality potential feed sources that are being overlooked. According to the 
Crops Department at Cal Poly, its compost is sold for $30/ yard. With feed costs rising to $13.11 
in 2011 for California, the revenue from compost is much less then the dairy at Cal Poly would 
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save by using some of the resources being used in compost (USDA ERS, 2011).  
Crops 
Winery waste 
 Viticulture produces an enormous amount of waste by- products that are currently not 
utilized. In 2011 there were 3,874,146 tons of grapes crushed in California as shown by the 
California Grape Crush Report (2011).  A study done by Deng (2011) showed that anywhere 
from 13-20% of the original grape would become pomace at the end of the process. Which 
means the industry right now is wasting up to 774,829.2 tons of pomace each year, According to 
Amerine et al., (1972) grape stems contain a boastful amount of fermentable carbohydrates. 
Matteson and Jenkins (2007), calculated that around 4.6% of that will go to waste every year.  
Based on the Crop report for 2011 in San Luis Obispo County wine grapes were the one of the 
largest crops to be disposed as waste, only strawberries represented higher amounts of waste 
(Crop Report, 2011). Consumer interest in green agricultural techniques has increased demand 
for a greener image to livestock feed. The viticulture field by- products can be recycled to add 
value to current feed rations with the high availability with the added value of recycling 
otherwise wasted product. 
 
Vegetables  
 In addition to the abundance of viticulture in San Luis Obispo County, there is also a 
large amount of vegetable crops. According to the Crop Report of the County in 2011 some of 
the highest produced vegetables are broccoli, cabbage, cauliflower, and lettuce: 66,467 tons, 
34,333 tons, 12,483 tons, 92,612 tons respectively. Compositionally broccoli has 205 g/kg NDF, 
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340 g/kg CP, and 72.6 % organic matter digestibility (OMD); cabbage has 209 g/kg NDF, 187 
g/kg CP, and 79 % OMD; cauliflower has 235 g/kg NDF, 414 g/kg CP, and 78.3 % OMD; 
lettuce has 256 g/kg NDF, 282 g/kg CP, and 71.5 % OMD (Marino et al., 2010). Based on these 
figures on DM basis organic matter content is very high, as well as crude protein. The 
digestibility, composition and utilization of these nutrients would prove them to be a valuable 
feed additive for a dairy cow diet (Wadhwa et al., 2006). Accompanied with their excellent 
palatability comes with an increase in dry matter intake (DMI), which is beneficial to the 
ruminant ration as a whole (Wadhwa et al, 2006). 
Composition 
Winery waste 
The values for dry matter (DM) and crude protein (CP) (Table 1) were variable (0.30 to 
0.91 and from 0.51 to 0.84, respectively). The grape lees were the most digestible, vine shoot and 
the marc being the least digestible for ruminants. Grape lees refer to the sediment that 
accumulates at the bottom of the tank during the fermentation process, generally it consists of 
dead yeast cells, grape seed fragments, and grape skin.  Vine shoot consists of the leaves, tendrils 
and eventually where the grape clusters come from and marc. In Table 2 it is shown that DM and 
CP were generally low for all by-products across the board. After the treatment of the by-
products with PEG the following effects were noticed from the composition (Table 3 and 4).  
Total acid detergent fiber in nitrogen (ADIN), nitrogen (N), neutral detergent fiber (NDF), and 
acid detergent fiber (ADF) decreased with the treatment of PEG. However, acid detergent lignin 
increased with the treatment of PGE, it could be due to the formation of analytical artefacts that 
promote the appearance of PGE- tannin complexes in the fibers (Molina Alcaide E, et al., 2008). 
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In addition, total condensed tannins increased in vine shoots but decreased in the grape marc. 
Condensed tannins react with protein via hydrogen bonding, however this is pH reversible. 
Given that the normal rumens pH is 6 to 7 theses condensed tannins are insoluble, however they 
become soluble in the acidic abomasum and the alkaline small intestine. Given that information 
it explains why they reduce protein degradation in the rumen but increase amino acid absorption 
in the small intestine. Hydrolysable tannins have very different protein binding characteristics 
and have not been detected in grape products (Barry et al., 1984).  In the statistical analysis of 
the effects of PGE in DM digestibility it proved insignificant. In contrast, CP was statistically 
significant for both vine shoots and grape marc. Grape marc and vine shoots intestinal 
digestibility was similar, however, the vine shoot digestibility increased with PGE treatment 
while grape marc showed no change (Table 5). Treating vine shoot by products with PGE would 
benefit the product based on the results because it shows that it increased its digestibility by 
binding to tannins.  Of the by-products studied they all have lignocelluloseic tendencies, which 
means high acid detergent insoluble nitrogen ADIN, high cell wall content with some 
lignification and low CP. In comparison lees show a high CP content with low ADIN and 
lignification; these results are similar to olive oil by-products. The wine lees can be a resource 
for feeding protein to ruminants. CP is generally lower then that of more standard feeds such as 
sunflower meal, however, feeds such as sunflower meal are expensive feed additives whereas 
using viticulture by-products have a much smaller economic impact (Table 7). Another 
potentially interesting potential from winery-based products is the presence of fatty acids, 
specifically linoleic and oleic acids that have shown to be abundant in grapes and grape by 
products (Molina Alcaide et al., 2008).. Wine lees showed higher digestibility than sunflower 
meal, however, digestibility for lees was lower than that for legume seeds (Molina Alcaide  et al., 
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2008). Given the winery waste break down nutritionally it is a recognizable source of rumen 
nutrition that with little processing of the raw product will be beneficial to the animal and the 
farmer. 
 
 
Strawberry waste 
  In the study by Omer et al. (2011), the substitution of a very common feed was discussed. 
Clover replaced a less used but abundant resource in the central coast, strawberries. Chemical 
analysis and cell wall constituents of strawberries were superior in ether extract, nitrogen-free 
extract, gross energy, digestible energy, neutral detergent fiber, acid detergent fiber and cellulose 
contents then that of clover hay. In addition, clover hay and strawberry contents were in the same 
range when it came to dry matter, organic matter, and crude protein components (Omer et al., 
2011). However, in contrast, crude fiber, ash, non-fibrous carbohydrate and hemicellulose did 
test higher. The strawberry was tested in replacing the red clover at different percentages, and at 
25% it showed the greatest digestibility (Omer et al., 2011). By interpreting these results it can 
be seen that feeding strawberry is possible within certain parameters, digestibility peaked when 
the ration was replaced with 25% strawberry then it declined. A ceiling of the 25% inclusion to 
the ration would ensure the highest intake when feeding a strawberry by-product. Depending on 
what kind of by-product was available these percentages would vary somewhat. Staying within 
the limitations of greatest feed intake, however, just added an unconventional, nutritional feed 
stuff for dairymen to consider when feeding the herd. Based on the large amount of strawberries 
grown in California, specifically in the central coast it is a so far untapped feedstuff that can 
potentially drive down the cost of a ration. According the 2011 Crop Report for San Luis Obispo 
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County, 24% of all the agriculture is based on strawberries, with grapes trailing with 18% of total 
production. With the two highest producing crops a ration can be formulated to take advantage of 
the abundant nutrition being discarded. 
Limitations 
Strawberry waste 
 Strawberries also have a variety of limitations, which make them less accessible to use in 
a dairy cow ration. For example, milk is very well known as an expressive material, it will pick 
up flavors very easily. Feeding such a distinct flavor may translate into the flavor of the milk. 
There have been no studies done on the expressivity of strawberries specifically in milk, 
however clover hay has been studied. It is shown that 5 pounds of clover silage one hour before 
milking produced a very strong feed flavor, as well as 6 pounds of clover hay an hour before 
milking produced similar results. Fed in much higher quantities however, 15 to 20 pounds of 
silage and 15 to 20 pounds in hay then waited 11 hours before milking produced no criticism to 
the flavor of the milk at all (Hedrick, 1955). Based Purdue Universities estimation of 50 pounds 
that dairy cows consumer per day, and using the data from the clover hay study that states 
inclusion of no more then 25% should be fed, 12.5 pounds of clover could be fed. If cows are 
milked morning and night like at the Cal Poly dairy, there is a 12-hour window in which they can 
digest the strawberry and still preserve the milk flavor. It has to be taken into consideration 
however that the animals would have to consume most of the clover directly after milking to 
inhibit the feed expressivity in the milk.  We can conclude that if 12.5 pounds of strawberries 
were fed a strong off flavor would be observed in the milk. 
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Tannins 
 
Adding polyethylene glycol or PEG can prevent bonding between condensed tannins 
found in grapes with protein. With the addition of PEG to the diet it will increase rumen 
carbohydrate digestion and voluntary intake. In addition to PEG, anaerobic storage, or to ensile 
grape pomace- which is the solid remains of the grapes after they are pressed for their juices- 
another way to inactivate tannins that are found in viticulture by products (Alipour et al., 2007). 
Tannins have an adverse effect on ruminant digestion because of their ability to bind to proteins 
carbohydrates and minerals. In Table 6 the breakdown of product based on the amount of time 
ensiled.  PH decreased throughout the ensilement, and increased ADF and NDF were both noted. 
In Table 7 it shows a decrease in all phenolic, except the fiber bound condensed tannins and the 
protein bound condensed tannins. With the addition of PEG the inactivation of tannins was 
showed to increase gas production because of the increased digestibility of the grape pomace. 
(Alipour et al., 2007). Specifically tannins present in these by-products increase protein 
absorption throughout the small intestine by decreasing the amount of rumen degradation 
(Molina Alcaide E, et al., 2008).  With tannins being somewhat hard to utilize by ruminants, in 
order to make them more readily available treating them would be necessary. Treatment of these 
polyphenols with tanning binding compounds, eg. Polyethylene glycol (PEG) can be used in 
order to ensure the highest possible nutrient utilization.  Vine shoot, grape marc, and a 
combination of marc and shoots were obtained for samples.  Specifically these were chosen 
because these are the majority of the by products created during the viticulture process. In these 
samples grape stalks, seeds and skins were collected after the processing of the grapes for the 
process of alcohol and tartaric acid production.  The composition of the wine lees consists of 
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dead yeast cells which are a by-product of fermentation. This is an important aspect to take into 
account because feeding yeast is beneficial to the dairy cow because it is high in crude protein as 
well as carbohydrates (Reed et al., 1991). Tannins are a challenge when feeding grape product 
however the benefit of being able to utilize valuable tons of wasted resources is well worth the 
minimal effort to process the feed. 
  
Palatability and Digestibility  
Grape by Product  
Tannins also impact the palatability of grape by product. Diet selection in relations to a 
high tannin brush “black brush” a study based on smaller ruminants it was concluded that high 
tannin levels, in some cases, also mean higher crude protein levels and increased digestibility 
(Provenza and Malechek, 1984). Despite this free-range animals sometimes decided against 
these feeds, trading nutritional value for palatability. Palatability issues come with the 
astringency of the tannins, which is the drying, puckering feeling when you ingest red wine. This 
sensation sometimes leaves animals to reject these feeds, even though from a nutritional stand 
point that would be a mistake (Provenza and Malechek, 1984). It would be a mistake based 
solely on the plane of the nutritional values they are leaving behind based on palatability. High 
nutritional value doesn’t do any good to farmers that can’t get animals to eat it. 
 
Strawberries 
 The study “Preferences of sheep and goats for straw pellets treated with different food-
flavoring agents” was conducted on small ruminants for a flavor preference between maple, 
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caramel, strawberry, garlic, apple, onion, truffle and orange. Strawberry was concluded to be one 
of the least desired out of all the choices. The study states that its possible that they are both 
receiving similar sensations from the feeds after ingestion, and ‘fruity’ flavors are undesirable as 
opposed to the other choices that were available. Especially giving that the animals are used to a 
forage rough diet. However, it should be noted that it was not cows that were conducted in this 
study (Robertson et al., 2006). Also noted that these were artificial flavors being tested so they 
could have an undesirable aftertaste of chemical reaction in the mouths of the ruminants. Post-
ingestive effects cannot be measured in ruminants so it cannot be quantified whether or not it 
was the synthetic flavor or the flavor in general that was unpleasant, which leaves several 
unknowns. 
 
Storage 
Ensiling 
 In correlations to the amount of tannins that are in grape pomace and measure that can be 
put into place in order to ensure that they do not bind to important dietary compounds, ensiling 
should be considered. Anaerobic storage is a simple way to deactivate tannins and decrease the 
concentration of phenolic compounds found in these feedstuffs. Ensiling after drying would be 
an ideal way to ensure that spoilage didn’t ruin the nutritive value of the grocery store waste and 
would ease the effort of feeding. The wetter the product that is being ensiled the lower the pH 
value. It is assumed that pH is below 4 will totally inhibit proteolysis. Lower pH does not have 
positive effects because any lower and acid hydrolysis will occur. The optimum ensiling pH for 
proteases in clover for example is 5.5 (Heron et al., 1989). In contrast when ensiling grapes the 
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pH was at 4 before it was ensiled and steadily declined and with it so did the water-soluble 
carbohydrates (Alipour et al., 2007). Due to the high moisture content of the feeds being 
proposed its important to ensure they are ensiled correctly. The proper moisture of bailed silage 
is 500-550 g/kg (Jouany, 2007). 
Dehydration or Drying 
 Non-structural carbohydrates are generally the most damaged in the drying process 
including labile metabolites, however, freeze-drying has proven to be the least damaging 
(Pelletier et al., 2010). Given the high moisture content of the feeds that would be collected from 
the grocery stores and other commercial places, it needs to be taken into consideration the 
amount of time it would spend before it was collected. With the high moisture content it will 
have a high affinity for spoiling easily and create mycotoxins.  Toxin producing molds can infect 
plants in the field during crop harvest, after they are harvested, during storage before they are 
sold, or during the processing. Due to the multiple areas that molds can infect feed it is important 
to minimize exposure throughout the products life (Widstrom et al., 2000). Toxins peak during 
pre storage period of harvest when plants are moist (Jouany, 2007). Cooking the feed at 190° 
Celsius for 60 min showed 70% loss of harmful toxins. It increased to 100% when it was heated 
to 220° Celsius for 25 minutes (Scott and Lawrence, 1994). It would be economically feasible to 
develop some kind of oven drying system that could be in place so every new addition could go 
through a drying process in order to ensure that spoilage wouldn’t occur. Since the majority of 
the products being collected will be waste products there would be little to no economic cost so 
that some resources could be used to ensure the product will be utilized to the fullest extent. 
Several industrial oven companies begin listing their largest ovens at $6,000 dollars and increase 
in price up to $16,000. According to Tom Quaife, Editor, for the Dairy Herd Network he 
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reported that when feed prices were rising in 2012 the California farm average was negative 
$403,173. Meaning that dairy farmers were in the hole $400,000 largely due to a rising feed cost 
and low milk pricing. When compared with the one time cost of a drying oven, and minor yearly 
upkeep it is definitely worth the investment for farmers that are local to these prime places. 
Freeze-drying requires access to expensive equipment and is difficult to apply to large samples 
under field conditions, so it could be looked into for the grocery store aspect of the study 
(Pelletier et al., 2010). 
Conclusion 
Based on the availability and diversity of available non-conventional feed additives, 
inclusion of this material in a dairy ration would be beneficial both financially as well as 
nutritionally. It’s also important to note that this largely untapped resource, so as of now it is a 
generally low economic impact to make utilization feasible. However, with the success of 
formulating a ration based on by-products as well as the increased popularity these industries 
might make an effort to increase there economic gains as well. Further research into the 
composition and limitations of feeding green waste from the several different sources in San Luis 
Obispo County would be needed because of the high degradability, and high moisture content of 
most of the feeds. Viticulture waste was seen to have a high likelihood of enhancing the dairy 
ration in San Luis Obispo County based on the abundance and the nutritive value. Row crops 
based out of the area were also shown to be an important source of nutrients that can be added to 
the dairy cow ration. However the limitations based on these feeds will vary depending on the 
storage method of the products, it would be feasible to either ensile or dry the green waste that 
would be collected. In addition, depending on whether or not all the areas that will be collected 
are mixed together, or left apart, it might prove useful to assign storage options based on point of 
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collection. A further quantitative look should be done into the amount, contents, and consistency 
of the grocery store waste specifically chosen in order to better conduct nutritive analysis and the 
limitations in which you could safely feed them.  
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Tables 
 
Table 1. In vitro digestibility of different by-products from viticulture and 
the wine industry 
      
Component VS GMG GMM WL RL SL GML       
Dry matter 0.3 0.31 0.34 0.75 0.73 0.91 0.72       
Crude protein 0.7 0.51 0.53 0.73 0.59 0.84 0.71       
VS, vine shoot; GMG, grape marc from Gonza  lez-Byass; GMM, grape marc from Movialsa; 
WL, white lees; RL, red lees; SL, sherry lees; GML, mixture of grape marc and lees. (Eduarda 
Molina-Alcaide Et al.) 
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Table 2. Ruminal degradation profiles of different by-products from viticulture and 
the wine industry 
Component VS GMG GMM GML 
Dry matter      
A 0.15 0.20 0.26 0.20 
B 0.20 0.20 0.15 0.13 
Crude protein     
A 0.43 0.33 0.30 0.23 
B 0.24 0.14 0.16 0.14 
 
    
VS, vine shoot; GMG, grape marc from Gonza  lez-Byass; GMM, grape marc from 
Movialsa; GML, mixture of grape marc and lees; a, rapidly degradable fraction; b, 
potentially degradable fraction (Eduarda Molina-Alcaide Et al.) 
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Table 3. Effect of polyethylene glycol (PEG) on chemical composition of vine 
shoot 
  
PEG concentration (g kg−1 vine shoot)        
Component  0 20 40 60 80 100 LS SEM 
Dry matter (g kg−1 FM) 916 906 908 908 903 903 NS 9.41 
Organic matter (g kg−1 
DM) 
962 965 970 963 963 967 NS 0.3 
Neutral detergent fibre (g 
kg−1 DM) 
741c 712ab 744c 710ab 683a 682a ∗∗∗ 2.38 
Acid detergent fibre (g 
kg−1 DM) 
511d 493c 479b 478b 480b 462a ∗∗∗ 0.77 
Acid detergent lignin (g 
kg−1 DM) 
123a 154b 164c 169c 166c 166c ∗∗∗ 0.4 
Total nitrogen (g kg−1 DM) 7.67b 6.82a 6.79a 6.71a 6.71a 6.56a ∗∗∗ 0.03 
Acid detergent-insoluble 
N (g g−1 total N) 
0.403b 0.279a 0.271a 0.271a 0.266a 0.259a ∗∗∗ 0.003 
 Condensed tannins (g kg−1 DM)  
     
Free  45.7d 38.0b 25.6a 37.9b 41.0c 43.0cd ∗∗∗ 0.22 
Fibre-bound  1.03a 1.12a 7.59b 8.49c 7.56b 8.59c ∗∗∗ 0.02 
Protein-bound  9.45a 37.5b 39.1c 40.0d 41.5e 39.3cd ∗∗∗ 0.06 
 
        
LS, level of significance (NS, not significant; ∗∗∗ P < 0.001); SEM, standard error of the 
mean; FM, fresh matter; DM, dry matter; N, nitrogen. Within a row, means without a 
common letter differ significantly.  
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Table 4. Effect of polyethylene glycol (PEG) on chemical composition of grape marc (from 
Gonza  lez-Byass)  
Component 0 20 40 60 80 100 LS SEM 
Dry matter (g kg−1 FM) 953 959 958 959 958 958 NS 5.53 
Organic matter (g kg−1 DM) 938 929 934 936 945 937 NS 0.74 
Neutral detergent fibre (g 
kg−1 DM) 
629b 624b  611ab  611ab  615ab  592a ∗ 1.49 
Acid detergent fibre (g kg−1 
DM) 
 549b 567c 559bc  547b  546b  526a ∗∗ 1.33 
Acid detergent lignin (g 
kg−1 DM) 
 401a  414ab  419b 412ab 415ab 414ab ∗ 1.09 
Total nitrogen (g kg−1 DM) 17.1d  16.6cd  15.7bc  15.3b 14.8ab  14.4a ∗∗∗ 0.09 
Acid detergent-insoluble N (g 
g−1 total N) 
0.463c 0.318b 0.309b  0.311b 0.311b 0.148a ∗∗∗ 0.003 
 Condensed tannins (g kg−1 DM)       
 
        
LS, level of significance (NS, not significant; ∗ P < 0.05; ∗∗ P < 0.01; ∗∗∗ P < 0.001); SEM, 
standard error of the mean; FM, fresh matter; DM, dry matter; N, nitrogen. Within a row, 
means without a common letter differ significantly (P < 0.05) (Eduarda Molina-Alcaide Et al.). 
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Table 5. Effect of polyethylene glycol (PEG) on apparent intestinal digestibility of 
ruminally undegraded protein and ruminally degradable and intestinally digestible protein 
of vine shoot and grape marc (from Gonza  lez-Byass) 
By- Product PEG (g kg−1) by-
product 
Apparent intestinal digestibility of ruminally 
undegraded CP 
ADIN 
Vine shoot 0.0 0.25ab 0.60 
 
20.0 0.23a 0.72 
 
40.0 0.36bc 0.73 
 
60.0 0.44c 0.73 
 
80.0 0.21a 0.73 
 
100.0 0.38c 0.74 
Grape marc 0.0   
 
20.0 0.29 0.54 
 
40.0 0.31 0.68 
 
60.0 0.28 0.69 
 
80.0 0.30 0.69 
 
100.0 0.28 0.69 
 
 0.27 0.85 
 
   
CP, crude protein; 1–ADIN, ruminally degradable and intestinally digestible dietary 
protein;29 LS, level of significance (NS, not significant; ∗∗∗ P < 0.001; NA; not applicable); 
SEM, standard error of the mean. Within a column and by-product, means without a 
common letter differ significantly (Eduarda Molina-Alcaide Et al.). 
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Table 6. Chemical composition (g/kg DM) and pH of fresh and ensiled 
grape pomace (D. Alipour et al, 2007) 
 
  
DE DM NDfom ADfom Lignin (sa) CP pH WSC ASH 
0 243 502 312 194 126 4.03 169 107 
5 243 495 312 213 127 3.97 61.3 103 
10 242 514 332 208 124 3.89 38.6 105 
30 245 531 343 214 126 3.83 0 103 
 
        
DE: days of ensiling; DM: dry matter (g/kgfiber fresh weight); NDFom: neutral 
detergent fiber; ADfom: acid detergent fiber; CP: crude protein; lignin (sa): lignin 
determined by solubilization of cellulose with sulphuric acid; WSC: water soluble 
carbohydrates.  
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Table 7. Contents of phenolics (g/100 g DM) and protein precipitable phenolics (g/100 g 
total phenolic) (D. Alipour et al, 2007) 
 
DE TP TT SCT Fb CT PbCT PPP 
0 2.27 1.56 1.52 2.17 1.63 47 
5 1.62 0.85 1.51 2.25 1.58 23 
10 1.51 0.74 1.49 2.06 1.61 0 
30 1.45 0.43 0.72 2.15 1.59 0 
 
      
 
      
DE: days of ensiling; DM: dry matter; TP: total phenols; TT: total tannins as tannic acid 
equivalents; SCT: soluble or free-bound condensed tannin; FbCT: Fiber bound 
condensed tannin; PbCT: protein bound condensed tannin (equal to purified tannin using 
Sephadex LH-20); PPP: protein-precipitable phenolics.  
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